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(57) The optical recording medium of the Invention 
has a phase change recording layer containing Sb as a 
main component. When the recording layer is crystal 
lized, the crystallized region contains rhombohedral 
crystals consisting essentially of Sb and is substantially 
free of a crystal phase other than the rhombohedral 
crystals. The optical recording medium of the invention 
has a high transfer rate and its recording layer is im- 
proved in thennal stability. 
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Description 

TECHNICAL FIELD 

5 [0001] This invention relates to a phase change optical recording medium. 
BACKGROUND ARTS 

[0002] Great attention is now paid to optical recorxJing media capable of high density recording and erasing the once 
10 recorded infonmation for rewriting. Among such rewritable optical recording media, phase change recording media are 
designed such 'that recording is perfomned by in'adiating a laser beam to a recording layer to change its crystalline 
state and reading is perfonmed by detecting the change of reflectivity of the recording layer associated^with that state 
change. The phase change recording media are of greater interest because the drive unit used for their operation may 
have a simple optical system as compared with that used for magneto-optical recording media. 
15 [0003] For the phase change recording layer, calcogenide materials such as Ge-Sb-Tc are often used because of a 
greater difference in reflectivity between the crystalline and amorphous states and a relatively high stability in the 
amorphous state. 

[0004] When Information Is recorded in a phase change optical recording medium, the recording layer Is Irradiated 
with a laser beam having a high power (recording power) suffidenl to heal the recording layer at or above its melting 

20 point In the region wh,ere the recordlng.power is applied, the recording layer is melted and then rapidly cooled, forming 
a recorded mark In the amorphous state. To erase the recorded mark, the recording layer is irradiated with a laser 
beam having a relatively low power (erasing power) sufficient to heat the recording layer above its crystallization tem- 
perature, but below its melting point. The recorded mark to which the erasing power is applied Is heated above the 
crystallization temperature and then slowly cooled, resuming the crystalline state. Therefore, the phase change optical 

25 recording medium allows for overwriting simply by modulating the intensity of a single laser beam. 

[0005] In order to increase the recording density and transfer rate of a recording medium, attempts have been made 
to reduce the wavelength of recording/reading beam, to increase the numerical aperture of an objective lens in a 
recording/reading optical system, and to increase the linear vetoclty of the medium. When a recording laser beam is 
Irradiated to a medium rotating at a linear velocity V, the recording laser beam defines on the surface of the recording 

30 layer a spot having a diameter represented by X/NA wherein k is the wavelength of the laser beam and NA is the 
numerical aperture of the objective lens. The spot diameter X/NA divided by the linear velocity V, i.e., (A/NA)A^ gives 
the time of irradiation of laser beam to the recording layer, that Is. the time taken for passage across a beam spot. As 
the recording density and transfer rate increase, the irradiation time of laser beam to the recording layer becomes 
shorter and shorter. This makes it difficult to optimize overwriting conditions. 

35 [0006] Problems arising from overwriting at an increased linear velocity are discussed below. 

[0007] An increased linear velocity leads to a shortened irradiation time of recording laser beam. It is then a common 
practice to increase the recording power in proportion to the increased linear velocity for preventing the heated tem- 
perature of the recording layer from lowering. 

[0008] On the other hand, to erase the amorphous recorded mark (to recrystallize), an erasing beam must be Irra- 
40 diated such that the recording layer may be held for at least a predetemnined time at a temperature between the 
crystallization temperature and the melting point. The attempt to Increase the erasing power in proportion to the in- 
creased linear velocity for preventing the heated temperature of the recording layer from lowering has a less likelihood 
to erase the recorded mark because the inradiation time Is reduced as a result of the Increased linear velocity 
[0009] Therefore, to increase the linear velocity for improving the transfer rate, the recording layer must be formed 
45 of a composition having a relatively high crystal transition speed such that recrystalllzatlon is completed within a rela- 
tively short time (as disclosed in JP^A 1-78444 and JP-A 10-326436). 

DISCLOSURE OF THE INVENTION 

50 [0010] The recording layer featuring a high crystal transition speed, that is, a short time required for crystallization, 
however, is thermally less stable. That is, the recording layer suffers from the problem of low storage reliability since 
it readily crystallizes in a relatively hot environment. 

[0011] Also, the high transfer rate can be established by such a method as by increasing the linear velocity of the 
medium or by increasing the iinear recording density of the medium. The inventors found that reducing the recorded 
55 marie length in order to increase the linear recording density sacrifices the thermal stability of the recorded mark. 

[0012] An object of the invention is to provide a phase change optical recording medium having a recording layer 
with an increased transfer rate and a high thenmal stability. 

[001 3] According to the invention, there is provided an optical recording medium comprising a phase change record- 
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ing layer containing antimony as a main component, the recording layer being able to be crystalli7ed to provide a 
crystallized region which contains rhombohedral crystals consisting essentially of antimony and is substantially free of 
a crystal phase other than the rhombohedral crystals. 

[0014] Such objects are achievable by the folbwing embodiments (1 ) to (3) of the invention. 

5 

(1 ) An optical recording medium comprising a phase change recording layer containing antimony as a main com- 
ponent, the recording layer being able to be crystallized to provide a crystallized region which contains rhombo- 
hedral crystals consisting essentially of antimony and is substantially free of a crystal phase other than the rhom- 
bohedral crystals. 

10 (2) The optical recording medium of (1 ) wherein said recording layer further contains tellurium and/or indium as a 

main component. 

(3) The optical recording medium of (1) or (2) wherein said recording layer contains at least one element selected 
from the group consisting of rare earth elements, zirconium, hafnium, titanium and tin as an auxiliary component, 
and 

75 

said medium further comprises a dielectric layer disposed contiguous to said recording layer and In front of said 
recording layer as viewed from the side where a recording/reading beam enters, said dielectric layer containing silicon 
oxide, silicon nitride, aluminum oxide, or a mixture of zinc sulfide and silicon oxide, the content of silicon oxide in the 
mixture being at least 30 mol%. 

20 

FUNCTION 

[0015] In the phase change recording layer containing antimony (Sb) as a main constituent component, the crystal 
transition speed increases as the Sb content increases. On the other hand, the themial stability of the recording layer 
25 lowers as the Sb content Increases. To improve thermal stability, it is preferable to reduce the Sb content and instead, 
add a themnal stability-enhancing element This, In turn, makes it difficult to increase the crystal transition speed of the 
recording layer. 

[001 6] In the medium of the invention , the phase change recording layer provides a crystallized region which contains 
rhombohedral crystals consisting essentially of Sb and is substantially free of a crystal phase other than the rhombo- 

30 hedral crystals. If the crystalline phase included in the phase change recording layer based on Sb contains only rhom- 
bohedral crystals consisting essentially of Sb, then this recording layer provides a higher crystal transition speed than 
a recording layer having the same Sb content and consisting of face-centered cubic (f .c.c.) crystals and also a higher 
crystal transition speed than a recording layer having the same Sb content and consisting of Sb and Sb^Tes phases. 
Accordingly, the invention is successful in increasing the crystal transition speed without extremely increasing the Sb 

35 content. Therefore, the invention entails a phase change optical recording medium capable of ovenwriting at a high 
linear velocity and having improved thermal stability. 

[0017] In one preferred embodiment, at least one element selected from among rare earth elements, Zr. Hf, Ti and 
Sn is added to the recording layer as an auxiliary component, thereby elevating the crystallization temperature of the 
recording layer. This ensures that the recorded mark is fully themrially stable even when the recording layer is of a high 
40 crystal transition speed composition, and when the recorded mark is made short. The medium is thus improved in 
storage reliability. 

[0018] There are known additive elements capable of elevating the crystallization temperature of a recording layer. 
Most additive elements, however, function to lower the crystal transition speed of the recording layer. In contrast, by 
adding an auxiliary component element such as rare earth element to the recording layer and at the same time, dis- 

45 posing a dielectrte layer of a specific composition contiguous to the recording layer and In front of the recording layer 
as viewed from the side where a recording/reading laser beam enters the medium, the preferred embodiment of the 
present invention is successful in improving the thenmal stability and increasing the crystal transition speed of the 
recording layer. The invention medium is advantageous especially in high linear velocity recording. 
[0019] It is known that rare earth elements may t>e added to a phase change recording layer containing at least Sb. 

50 Some of the patent references to be discussed below describe that rare earth elements are effective for improving the 
crystallization temperature of recording layers. The patent references below, however, do not describe the recording 
layer containing only rhombohedral crystals consisting essentially of Sb as the crystal phase. Nor they describe the 
combination of the addition of rare earth elements with the dielectric layer of the specific composition prescribed by 
the present invention. 

55 [0020] JP-A 2-3113 discloses an infomiation recording thin film fornied of ln44Sb46Bi^o (atomic ratio) by evaporation 
to a thickness of 100 nm. In Examples thereof, thin films based on this composition to which Nd was added were 
prepared and measured for phase change temperature. A rise of phase change temperature due to Nd addition was 
ascertained in this way. 
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[0021] JP-A 2-35636 and 2-151481 disclose phase change information recording thin films containing Sb, Te and 
other elements. It is described that the crystallization temperature can be elevated by adding rare earth elements or 
analogues. In Examples thereof, however, no thin films having rare earth elements added were prepared. 
[0022] JP-A 10-326436 describes that rare earth elements may be added to a phase change recording layer con- 

5 raining Sb and Te. It is described that Zn, Cu. Au, Ag. Pd, Pt, Cr. Co, Zr, Tl, Mn, Mo, Rh and rare earth elements 
themselves or compounds.thereof with Sb or Te have high melting points so that they precipitate as -fine dispersed 
clusters and serve as crystal nuclei, contributing to high speed crystallization. Examples therein lack samples having 
rare earth elements added. Recording at a wavelength 780 nm, a numerical aperture NA of 0.55 and a linear velocity 
of 4.8 m/s or below is described in Examples, which indicates that high linear velocity recording as contemplated in 

10 the present invention is out of consideration. 

[0023] JP-A 2000-43415 discloses a phase change recording layer containing Sb and Te and having a metastable 
SbgTe phase belonging to the space group Fm3m. This SbjTe phase has a face-centered cubic (f.c.c.) structure as 
described therein. It is also described that by adding nitrogen, boron, cartDon, rare earth element or transition metal 
element to the recording layer, an improvement is made in the long-temri storage of initially recorded data However, 

15 Examples therein lack samples having rare earth elements added! It is also noted that in Examples, the linear velocity 
for recording is 7 nri/s. , 
[0024] JP-A 2000-52657 discloses a phase change recording layer containing Sb, Te, Group lb element and Group 
nib element and having a metastable phase belonging to the space group Fm3m. This metastable phase is a f.c.c. 
slruclure phase as lypified by SbgTe phase. Although this patent describes that rare earth elements may be added to 

20 the recording layer. Exarnpie^thereir, lack sair.plss having rare earth elements added- m Examples, the linear velocity 
for recording Is 8 m/s or below. It is also described that the content of Ag+Au In the recording layer is adjusted in 
accordance with the linear velocity. Namely, in this patent, compositions free of Ag and/or Au are out of consideration. 
More specifically. Table 2 in this patent publication describes a recording layer 14 of Ago.o5^"o.04Sbo.6i"r^o.3 containing 
af .c.c. phase. Sb^Je^ phase and Sb phase. That is, this recording layer is a mixture of af .c.c. phase and a rhombohedral 

25 crystal phase. It Is described that in evaluating the recording layer 14. Sb and SbgTeg -which develop as precipitates 
when the metastable phase is differentiated- precipitate in the recording layer, which is inadequate for high density 

recording. ' ok 

[0025] JPnA 9-71 049 discloses an optical inf omnation recording medium having a recording layer consisting or bD, 
Te and M wherein M is at least one element of Ag. Cu and.Au. wherein these constituent elements are present as 

30 Sbje, , wherein 0.70 < x < 0.90 and (M Je^.^^Sb wherein 0 < z < 0.33 and 0 < b < 1 . It is described in paragraph 
0013 of the patent publication that on X-ray analysis, a sharp peak of Sb rather than that of SbgTea appears. That is. 
this recording layer contains both a SbgToa phase and a Sb phase as crystals, but not a Sb phase alone. Therefore, 
the recording layer of this patent publication differs from the recording layer of the present invention and fails to achieve 
the desired effects of the present invention. It is not described in this patent publication that auxiliary component ele- 

55 ments as prescribed in the present invention are added to the recording layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIGS 1 2. 3 and 4 are cross-sectional views of various embodiments of optrcal recording media. FIG. 5 is 
40 an electron beam diffraction pattern of the recording layer of an optteal recording medium according to the invention. 
FIGS. 6 and 7 are X-ray diffractton patterns of the recording layer of the optical recording medium according to the 
invention. 



45 



BEST MODE FOR CARRYING OUT THE INVENTION 



[0027] The optical recording medium of the invention Includes a phase change recorcling layer which contains anti- 
mony (Sb) as a main component. Since use of Sb alone as a main component can result in loo low a cryslallizalion 
temperature and too low thermal stability, it is preferable to use tellurium (Te) and/or indium (In) as an additional mam 
component. Of these. Te is especially preferable because of a possibility to increase the degree of modulation. Also 
so preferably, the recording layer contains at least one element selected from among rare earth elements, zirconium, 
hafnium, titanium and tin as an auxiliary component. It is noted that the term "rare earth elements' used herein include 
yttrium (Y), scandium (Sc) and lanthanoids. 

[00281 Where the atomic ratio of the main component constituent elements is represented by the fomiula I: 

Sb^TObln, 

wherein a+b+c = 1 , it is preferred that a range from 0.6 to 0.9. b range from 0 to 0.4. and c range from 0 to 0.4. 
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[0029] In formula I, too small a value of "a" representative of the Sb content may entail a greater reflectivity difference 
associated with phase change, but a sharp decline of crystal transition speed to impede erasion. On the other hand, 
with too large values of "a," the crystallization temperature may lower so that the thermal stability of recorded marks 
is aggravated. Also, too large a value of "a" may entail a smaller reflectivity difference associated with phase change 

5 and hence, a lower degree of modulation. 

[0030] Like Sb, the auxiliary component elements are effective for increasing the crystal transition speed when a 
dielectric layer of specific composition is disposed in front of the recording layer as viewed from the recording/reading 
beam incident side. Therefore, by substituting the auxiliary component element(s) for a portion of Sb. the crystal tran- 
sition speed is increased, and at the same time, the thermal stability of recorded marks is improved. Therefore, the 

10 invention medium performs well partteularly when operated at a high linear velocity. 

[0031] The content of the auxiliary component element in the recording layer is preferably up to 30 at%, more pref- 
erably up to 25 at%. Too high an auxiliary component element content may lead to too high a crystallization temperature, 
which hinders to initialize or crystallize an amorphous recording layer immediately after its formation. In order that the 
auxiliary component element added fully exert the effects of increasing the crystal transition speed and the recorded 

15 mark's thenmal stability, the content of auxiliary component elen^nt should preferably be set at 0. 1 at% or above, more 
preferably 0.5 at% or above. 

[0032] The prefenred auxiliary component elements are rare earth elements since they are more effective for increas- 
ing the crystal transition speed and the recorded mark's thermal stability. 

[0033] In addition lo the above-mentioned main and auxiliary components, the recording layer may contain one or 
i>o more other element if desired Such an additive element is designated element M wherein M is at leaisl one element 
selected from among Ag, Au, Bi, Se, Al, P, Ge, H, Si, C, V, W. Ta. Zn. Pb and Pd. Element M is added, If necessary, 
for achieving any desired effect. For example, at least one of V and Ta Is preferably added for the purpose of improving 
durability against rewriting, more specifically for suppressing any loss of erasability by repetitive rewriting. Also, Ge is 
preferably added for the purpose of improving thermal stability. 
25 [0034] For the purpose of increasing the degree of modulation, it is reconvnended that the addition of element M be 
avoided. Even when element M is added, the content of element M in the recording layer should preferably be sup- 
pressed to 1 0 at% or less. Too high an element M content may lead to a small change of reflectivity associated with 
phase change, failing to provide a degree of modulation. 

[0035] Preferably the recording layer has a thickness of 2 to 50 nm, more preferably 2 to 30 nm. Too thin a recording 
30 layer may impede the growth of a crystal phase, resulting in an insufficient change of reflectivity associated with phase 
change. A too thfck recording layer possesses a large heat capacity which may impede recording, and has a low 
reflectivity and a low degree of modulation. 

[0036] The composition of the reconiing layer can be analyzed by electron probe microanalysis (EPMA), x-ray micro- 
analysis and inductively coupled plasma emission spectroscopy (ICP), for example. 
35 [0037] The recording layer is preferably fomned by a sputtering process. The sputtering conditions are not critical. 
When a material containing plural elements is to be deposited by sputtering, an alloy target may be used. A multi- 
source sputtering process using a plurality of targets Is also useful. 

[0038] The recording layer contains rhombohedral crystals consisting essentially of antimony (Sb). For Increasing 
the crystal transition speed of the recording layer, the invention employs a relatively high Sb content and substantially 

40 excludes from the recording layer a crystal phase other than the rhombohedral crystals. The rhombohedral crystals 
consisting essentially of Sb are present as a phase consisting solely of Sb and an Sb phase fonning a solid solution 
with another element. It is required that at least one of these phases be present in the recording layer. It is noted that 
by the temfi "rhombohedral crystals consisting essentially of Sb," a SbgToa phase is not encompassed. 
[0039] The presence of rhombohedral crystals consisting essentially of Sb and the substantial absence of another 
- 45 crystal phase can be ascertained by electron beam diffraction and x-ray diffraction. The recording layer substantially 
free of a crystal phase other than the rhombohedral crystals, as used herein, means that on electron beam diffraction 
and x-ray diffraction analysis, the crystal phase other than the rhombohedral crystals is not delected. 
[0040] As long as the above-described composition and crystal phase requirements are met, other factors of the 
recording layer are not critical. The optical recording medium may have any desired structure as long as it satisfies 

50 the composition and crystal phase requirements. 

[0041] One general construction of the phase change optfcal r;ecording medium is illustrated in FIG. 1 as comprising 
a substrate 2, and a first dielectric layer 31 . a recording layer 4. a second diolectrfc layer 32, a reflective layer 5, and 
a protective layer 6 stacked successively on the substrate 2 in the described onder. In this medium, a recording/reading 
beam is irradiated through the substrate 2, 

55 [0042] Also, the optical recording medium may be constructed as shown in FIG. 2, such that a recording/reading 
beam is irradiated to the recording layer without passing through the substrate 2. In this embodiment, a reflective layer 
5. a second dielectric layer 32, a recording layer 4, afirst dielectric layer 31 are stacked on a substrate 2 in the described 
order, and a protective layer 6 of a light-transmitting material such as resin is finally laid thereon. A recording/reading 
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beam is irradiated to the recording layer 4 through the protective layer 6. 

[0043] In one prefen-ed embodiment, an auxiliary component element such as rare earth element is added to the 
recording layer. In order that the auxiliary component element added function to increase the crystal transition speed, 
the dielectric layer disposed in front of the recording layer as viewed from the recording/reading beam incident side 

5 should have a specific composition. This specific composition is a composition containing silicon oxide, silicon nitride, 
aluminum oxide, or a mixture of zinc sulfide and silicon oxide. The composition should preferably contain at least 30 
mol%, more preferably at least 40 mol%, and most preferably 1 00 mol% of any of these compounds. That is, the most 
prefen-ed composition is silicon oxide, silicon nitride, aluminum oxide, or a mixture of zinc sulfide and silicon oxide. In 
the mixture, the contesnt of silicon oxide should be at least 30 niol%, preferably 30 to 70 mol% of the zinc sulfide and 

10 silicon oxide combined. If the first dielectric layer disposed in front of the recording layer is outside the specific com- 
position, the crystal transition speed-up effect of auxiliary component element addition is not exerted. 
[0044] The dielectric layer of the specific composition may be the entirety of the first dielectric layer 31 in FIGS. 1 
and 2. Where the first dielectric layer 31 is a laminate of dielectric sublayers, it suffices that at least the dielectric 
sublayer disposed contiguous to the recording layer 4 has the specific composition. Such an embodiment is illustrated 

15 in FIG. 3. The first dielectric layer 31 in the medium shown In FIG. 3 is a laminate of two dielectric sublayers 311 and 
312. The medium has the same structure as the medium of FIG. 2 except for the first dielectric layer 31 . 
[0045] The thickness of the first and second dielectric layers 31 and 32 may be determined as appropriate to achieve 
the effect of protecting the recording layer 4 and the effect of improving the degree of modulation. Usually, the first 
dielectric layer 31 preferably has a thickness of 30 to 300 nm, more preferably 50 to 250 nm; and the second dielectric 

20 iayerS2pfeterabiyhasatiiickness0f5to^e 

increase the crystal transition speed, the dielectric layer of the specific composition should preferably have a thickness 
of at least 1 .5 nm, with a thickness of 2.5 nm or more achieving the best results. Since the provision of such a thin 
dielectric layer achieves satisfactory effects, it is not required that the first dielectric layer 31 in its entirety have the 
specific composition. Then the provision of a dielectric layer of the specif te composition does not affect the freedom of 

25 optical and thermal design of the first dielectric layer 31 as a whole. 

EXAMPLE 

[0046] Examples of the invention are given below by way of illustration. 

30 

Example 1 

[0047] An optteal recording disk sample of the structure illustrated in FIG. 3 was prepared by injection molding poly- 
carbonate into a disk-shaped substrate 2 having a diameter of 120 mm and a thfckness of 1 .1 mm in which grooves 
35 were formed simultaneous with injection molding. On the surface of the substrate 2. a reflective layer 5, a second 
dieledrfc layer 32, a recording layer 4, a first dielectric layer 31 and a protective layer 6 were successively formed by 
the following procedure. 

[0048] The reflective layer 5 was formed by sputtering in an argon atmosphere. The target used was AggsPdiCu^ 
(atomic ratfo). The reflective layer was 1 00 nm thick. 
40 [0049] The second dielectrte layer 32 was f omied by sputtering a target of AlgOg in an argon atmosphere. The second 
dielectric layer was 20 nm thick. 

[0050] The recording layer 4 was fonned by sputtering in an argon atmosphere. It was 1 2 nm thick. The composition 
of the recording layer is shown in Table 1 . * 

[0051] As the first dielectric layer 31 , a dielectric sublayer 311 of 50 mol% ZnS-50 mol% SiOg and 6 nm thick was 
45 first formed In close contact with the recording layer 4. Another dielectric sublayer 312 of 80 mol% ZnS-20 mol% SlOg 
and 1 20 nrn thick was then formed on the dielectric sublayer 31 1 . These sublayers were fonned by sputtering In an 

argon atmosphere. 

[0052] The protective layer 6 was fonned by joining a polycartDonate sheet of 1 00 ^m thick with a UV-curable adhe- 
sive. 

50 [0053] The recording layers of the disk samples were initialized or crystallized by means of a bulk eraser Each disk 
sample was mounted on an optfcal recording medium tester where recording was earned out under the following 
conditions. 

laser wavelength: 405 nm, 
numerical aperture NA: 0.85, 
55 recording linear velocity: 1 1 .4 m/s 

recording signals: single signals having a frequency corresponding to a recorded mark length 692 rim 
[0054] Next, while the disk sample was rotated so as to provide a linear velocity as shown in Table 1 . a laser beam 
at an erasing power level was irradiated thereto. A erasability was detemnined, with the results shown in Table 1 . This 
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measurement was repeatedly carried out while changing the erasing power level. The maximum erasability Is reported 
in Table 1 . An erasability of less than 25 dB is regarded to be unerasabie. 

[0055] For the evaluation of themnal stability, samples were prepared by the same procedure as the optical recording 
disk samples except that slide glass was used as the substrate. These samples were rested on a heating stage. While 
5 the sample was healed at SO^C/min, light is irradiated to the recording layer through the substrate. The temperature 
at which the reflectivity changed was detemnined and reported as the crystallization temperature of the recording layer. 
The results are shown in Table 1. . 

[0056] By dissolving away the substrate and the layers other than the recording layer from the optical recording disk 
samples, there, were left only the recording layers. The recording layers were examined for crystal phase by performing 

10 electron beam diffraction under a transmission electron microscope. As a result, for ail the samples, rhombohedral 
crystals consisting essentially of Sb were detected, but not any crystal phase (e.g., Sb^e^ phase) other than the 
rhombohedral crystals. FIG. 5 shows the electron beam diffraction pattern of sample No. 4 by this type of analysis. 
[0057] The reconding layers were also subjected to in-plane diffraction analysis using a thin film x-ray diffractometer 
ATX-G by Rigaku Denki Co., Ltd. As a result, for all the samples, rhombohedral crystals consisting essentially of Sb 

IS were detected, but not any crystal phase (e.g., Sb2Te3 phase) other than the rhombohedral crystals. FIG. 6 shows the 
x-ray diffraction pattern of sample No. 4 by this type of analysis. 

[0058] Separately, samples for x-ray diffraction were prepared by fomiing only the recording layers on the surface 
of the substrates 2. The recording layers were fonned by the same procedure as the above optical recording disk 
samples except that the thickness was 200 nm. These samples were analyzed by x-ray diffraction for examining crystal 
2^ phases. The crystal phase detected herein was just the same as in the above electron beam diffraction and in-plane 
diffraction. FIG. 7 shows the x-ray diffraction pattern of sample No. 4 by this type of analysis. 
> [0059] It Is noted that in the patterns of FIGS. 6 and 7, all the peaks are attributable to the Sb phase.. Judging from 
the position of each peak, it is believed that the elements other than Sb form a solid solution with the Sb phase. In the 
pattems of FIGS. 6 and 7. the peaks designated at 1 , 2 and 3 correspond to (01 2), (1 04) and {1 1 0) planes, respectively. 
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[0060] It Is seen from Table 1 that the recording layers containing rhombohedral crystals as the crystal phase achieve 
a satisfactory erasability even at a high linear velocity of 11 .4 m/s or higher. The recording layer of sample No. 4 having 
Ge added as the auxiliary component shows an elevated crystallization temperature. The recording layers having a 
rare earth element added as the auxiliary component achieves improvements in both erasable linear velocity and 
5 thermal stability. 

[0061] It is noted in Table 1 that "unmeasurable" under the heading of erasability indicates that recording is impossible 
because the crystal transition speed of the recording layer is extremely high. 

Example 2 

10 

Sample No. 8 

[0062] An optical recording disk, sample No. 8. of the structure illustrated in FIG. 4 was prepared by the following 
procedure. The structure of FIG. 4 is the same as that of FIG. 3 except that the first dielectric layer 31 includes three 
15 dielectric sublayers 311 , 312 and 313. 

[0063] The substrate 2 and the reflective layer 5 were the same as in Example 1 . 

[0064] The second dielectric layer 32 was formed by reactive sputtering in a mixed atmosphere of Ar and N2 using 
an aluminum target. The second dielectric layer was 20 nm thick. 

[0065] The recording layer 4 was formed by sputtering in an argon atmosphere. It was 1 2 nm thick. The composition 
20 of the recording layer was Sb7^^Tei3^7lnQj9Ge4^TbQ (at%). 

[0066] The dielectric sublayer 31 1 in close contact with the recording layer 4 was formed of AI2O3 to a thickness of 
5 nm. The dielectric sublayer 31 2 was fomned of 80 mol% ZnS-20 mol% SiOg to a thickness of 63 nm. The dielectric 
sublayer 313 was fonried of aluminum nitride to a thtekness of 100 nm. 

[0067] The protective layer 6 was formed by joining a polycari^onate sheet of 1 00 ^ thick to the dielectric layer 31 
25 with a UV-curable adhesive. 

Sample No. 9 

[0068] An optical recording disk sample No. 9 was prepared by the same procedure as sample No. 8 except that 
30 the first dielectric layer 31 had a two-layer structure as shown In FIG. 3. The dielectric sublayer 311 in contact with the 
recording layer 4 was fonned of 80 mol% ZnS-20 mol% SiOa to a thk:kness of 68 nm, and the dielectric sublayer 31 2 
was formed of aluminum nitride to a thrckness erf 100 nm. 

Evaluation ' 

35 

[0069] The samples prepared above were measured for erasability as in Example 1 . The results are shown in Table 2. 



Table 2 



Sample No. 


Dielectric sublayer 311 composition 


Erasability (dB) 






Linear velocity 






22.8m/s 


27.6m/s 


8 


AI2O3 


26.5 


18.4 


9 


ZnS(80).SiO2(20) 


8.5 


5.8 



[0070] It is seen from Table 2 that sample No. 9 in which the dielectric sublayer 311 in contact with the recording 
layer 4 was formed of 80 mol% ZnS*20 moP/o Si02 has a very low erasability whereas sample No. 8 in which the r 
dielectric sublayer 311 is fomned of AI2O3 has a high erasability. These results demonstrate the effects resulting from 
50 the addition of rare earth element Tb to the recording layer 4 and the construction of the dielectric sublayer 311 from 

the specific composition. 

[0071] It is noted that on analysis by electron beam diffraction and x-ray diffraction of the recording layer 4 of sample 
Nos. 8 and 9 as in Example 1 . no crystal phase other than the rhombohedral crystals consisting essentially of Sb was 
detected. 

55 [0072] Reasonable modifications and variations are possible from the foregoing disclosure without departing from 
either the spirit or scope of the present invention as defined by the claims. 
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INDUSTRIAL APPLICABILITY OF THE INVENTION 

[0073] According to the invention, a phase change optical recording medium capable of overwriting at a high linear 
velocity and having Improved thermal stability Is obtainable. 



Claims 

1 An optical recording medium comprising a phase change recording layer containing antimony as a main compo- 
nent the recording layer being able to be crystallized to pi-ovide a crystallized region which contains rhombohedral 
crystals consisting essentially of antimony and is substantially free of a crystal phase otherthan the rhombohedral 
crystals. 

2. The optical recording medium of claim 1 wherein said recording layer further contains tellurium and/or Indium as 
15 a main component. 

3 The optical recording medium of claim 1 or 2 wherein said recording layer contains at least one element selected 
from the group consisting of rare earth elements, zirconium, hafnium, titanium and tin as an auxiliary component. 

^"^ c.^u^. s. H;»io«trr i5«w<ar HisQosed Gontiquous to said recording layer and in front of 

said recording layer as viewed from the side where a recording/reading beam enters, said dtelectnc layerconta ning 
silicon oxide, silicon nitride, aluminum oxide, or a mixture of zinc sulfide and silicon oxide, the content of silicon 
oxide in the mixture being at least 30 mol%. 

25 
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FIG. 6 
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